Introduction {#sec1-1}
============

Diabetic retinopathy (DR) is a major cause of visual loss worldwide --- the presence of this sight-threatening disease is seen in approximately 10% of persons with type II diabetes.\[[@ref1]\] We have previously reported the prevalence of diabetic retinopathy, in a population with diabetes mellitus, to be 18.0%.\[[@ref2]\] Myopia, especially high myopia, has been suggested to have a protective effect against DR.\[[@ref3]\]

There are few population-based studies which have studied the association of myopia and DR.\[[@ref1][@ref4]\] Wisconsin epidemiologic study of diabetic retinopathy (WESDR)\[[@ref4]\] did not find any association between myopia (spherical equivalent ≤ 2 diopters) and diabetic retinopathy incidence or progression on univariate analysis. However, the multivariate models showed a protective effect against progression to proliferative diabetic retinopathy (PDR) in subjects with younger onset diabetes. The Singapore Malay eye study (SiMES) reported that diabetic subjects with myopic refraction and a longer axial length had a lower risk of developing DR, particularly sight-threatening DR.\[[@ref1]\]

We have also reported the prevalence of refractive errors in subjects with type II diabetes.\[[@ref5]\] The prevalence of myopia (SE \<- 0.50 DS), high myopia (SE \<- 5.00 DS), hyperopia (SE \>+ 0.50 DS), and astigmatism (SE \<- 0.50 cyl) were 19.4, 1.6, 39.7, and 47.4%, respectively.\[[@ref5]\] We also found that poor glycemic control was associated with myopia (OR \[95% CI\] 4.15 \[1.44-11.92\]).\[[@ref5]\]

The purpose of this study was to elucidate the association of myopia with diabetic retinopathy and correlate the role of parameters like posterior vitreous detachment, axial length and spherical equivalent in diabetic retinopathy among myopic patients in population-based subjects with type II diabetes.

Materials and Methods {#sec1-2}
=====================

Sankara Nethralaya--- Diabetic Retinopathy Epidemiology and Molecular Genetic Study (SN DREAMS 1) is a population-based, cross-sectional study of urban Chennai adults above 40 years with stratification based on the socio-economic status scoring: low (score, 0--14), middle (score, 15--28), and high (score, 29--42).\[[@ref6]\] The details of the study design and research methodology of SN---DREAMS1 have been described elsewhere.\[[@ref7]\] In brief, the study area was the Chennai metropolis, with a population of 4.3 million, out of which 5999 individuals ≥ 40 years, were enumerated from 155 divisions of 10 zones, using the multistage random sampling method. Subjects with diabetes, according to the World Health Organization criteria,\[[@ref8]\] underwent biochemical examination (fasting blood sugar, HbA1C, Lipid profiles), comprehensive ocular examination like slit lamp evaluation, 45° four-field stereoscopic digital photography, corneal pachymetry and ultrasound B-scan. [Figure 1](#F1){ref-type="fig"} shows the enumeration details of the myopic subjects with type II diabetes. After all exclusions, 1058 subjects with diabetes were analyzed for this study.

![Enumeration details of myopic subjects with Type II diabetes mellitu](OJO-5-91-g001){#F1}

Body mass index (BMI) was calculated by using the formula weight (kg)/height (m^2^). The presence of hypertension was defined as systolic BP ≥ 140 mm Hg or diastolic BP ≥ 90 mm Hg or if the patient was on an anti-hypertensive therapy.

Visual acuity estimation was done using, modified early treatment of diabetic retinopathy study chart (Light House Low Vision Products, New York, NY); Landolt\'s ring test was used for those who were found unfamiliar with English alphabets. Objective refraction (streak retinoscope, Beta 200, Heine, Germany) was always followed by a subjective one.

 {#sec2-1}

### Grading of myopia {#sec3-1}

Mild myopia was defined as spherical equivalent from -0.50 DS to -3.0 DS, moderate myopia as - 3.0 DS to -- 5.00 Ds and high myopia as less than -5.00 DS.

### Grading of lens opacity {#sec3-2}

The grading was done as per the Lens Opacity Classification System (LOCS) III system by a trained ophthalmologist.\[[@ref9]\] We considered LOCS III grade ≥ N2 as a cutoff point to prevent the confounding effect of nuclear sclerosis.\[[@ref5]\] The severity of the lens opacities, according to the photographic standards, was separated into four major groups: nuclear opalescence, nuclear color, cortical, and posterior sub capsular.

Both graders (PKR, RR) were experienced ophthalmologists (8 years). For assessing the grading agreement, 50 patients with various grades of cataract were recruited from the pilot study and were assessed independently by both graders. The grading agreements were nuclear opalescence (k = 0.87), nuclear color (k = 0.83), cortical (k = 0.89), and posterior subcapsular (k = 0.81). Overall, the average grading agreement was high (k = 0.85).

### Grading for diabetic retinopathy {#sec3-3}

Diabetic retinopathy was diagnosed based on the modified Klein classification of the Early Treatment Diabetic Retinopathy Study (ETDRS) scale.\[[@ref10]\] as described in Table [1A](#T1){ref-type="table"} and [1B](#T2){ref-type="table"}.

###### 

Definitions

![](OJO-5-91-g002)

###### 

Grading of diabetic retinopathy

![](OJO-5-91-g003)

This grading was done by two independent observers in a masked fashion; the grading agreement was high (k = 0.83).\[[@ref7]\] Corneal pachymetry (Alcon ultrasound pachymeter) was performed to measure the corneal thickness. An average of three readings was taken for each eye. Echography was done using UltraScan (Alcon) with 10 MHz B-Scan probe and 1) No Posterior vitreous detachment (PVD) 2) Incomplete PVD 3) Complete PVD. For the purpose of final analysis, only the Phakic right eye in bilaterally phakic subjects was considered, in subjects, who underwent cataract surgery, the other phakic eye was used. To prevent the confounding effect of nuclear sclerosis on myopia of those nuclear opalescence with score of ≥ 2 was considered as a cutoff point. This study was approved by the Institutional Review Board, and a written informed consent was obtained from the subjects according to the Helsinki Declaration.

Results {#sec1-3}
=======

A total of 1058 subjects with type II diabetes were included in the analysis after excluding 11 subjects with bilateral poor quality photographs, 14 subjects with unilateral poor quality photographs and 125 subjects with a history of bilateral cataract surgery. Only the right eye, in case of bilaterally Phakic subjects, and the phakic other eye, in case of unilateral pseudophakia / aphakia subjects, were included in the analysis.

We found the prevalence of mild, moderate and high myopia in type 2 diabetes to be 15.9, 2.1 and 1.9% respectively. The prevalence of any myopia was found to be 19.9% in our study population. The mean age ± standard deviation was 53.1 ± 8.4 years, 578 (54.6%) were males, 169 subjects had mild myopia and their mean age was 52.9 ± 9.2 years, 22 subjects had moderate myopia and their mean age was 56.5 ± 10.2 years, 20 subjects had high myopia and their mean age was 54.0 ± 11.5 years.

As shown in [Table 2](#T3){ref-type="table"}, moderate myopics were significantly older when compared to others (mean age 56.5 ± 10.2 years, trend *P* = 0.016).

###### 

Univariate analysis of demographic, biochemical and ocular parameters in different grades of myopic subjects with Type II diabetes mellitus

![](OJO-5-91-g004)

In the ultrasound parameters, high myopes had more subjects with complete PVD as compared to emmetropia (50% Vs 12.2%, trend *P* = 0.001). We also found no PVD to be less associated with high myopia (15.0%) than emmetropia (40%) (*trend* *P* = 0.016).

Subjects with high myopia had an increased axial length (\>23.5 mm) compared to emmetropia, mild and moderate myopia (trend *P* \< 0.0001).

[Table 3](#T4){ref-type="table"} shows increasing age to be significantly associated with mild \[OR 1.03 (95% CI 1.01 -- 1.06)\] and moderate myopia \[OR 1.11 (95% CI 1.05 -- 1.18)\]. Females were found to be at significant risk of having high myopia \[OR 3.67 (1.03 -- 13.5)\]. Subjects with complete PVD had a higher risk of developing high myopia when compared to incomplete PVD \[OR 0.12 (95% CI 0.03 -- 0.44), *P* = 0.001\] and no PVD \[OR 0.08 (95% CI 0.02 -- 0.42), *P* = 0.003\]. Subjects with a longer axial length (\>23.5 mm) were found to be at risk of having all grades of myopia, mild myopia \[OR 2.29 (95% CI1.34 --3.95), *P* = 0.003\], moderate myopia \[OR 4.58 (95% CI1.32 --15.91), *P* = 0.017\] and high myopia \[OR 5.10 (95% CI1.17 --22.22), *P* = 0.030\].

###### 

Multivariate analysis of associated factors in myopic subjects with Type II diabetes mellitus
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[Table 4](#T5){ref-type="table"} shows the association of the different grades of myopia and axial length with severity of DR. It can be seen that subjects with different grades of myopia and with increased axial length were not at risk for developing DR.

###### 

Associations of grades of myopia and axial length with severity of diabetic retinopathy
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Discussion {#sec1-4}
==========

This article reports the relationship between ranges of myopia with DR in a population- based study in Chennai. The prevalence of mild, moderate and high myopia in type 2 diabetes was 15.9, 2.1 and 1.9% respectively. We also found women to be at risk of developing high myopia than emmetropia. This finding was similar to the study reported by the National Health and Nutrition Examination Survey (NHANES).\[[@ref11]\]

We also found the prevalence of high myopia to be 1.9% and the prevalence of diabetic retinopathy, as reported from our previous study, to be 18%.\[[@ref2]\] Similarly, the population- based study from China, the Beijing eye study,\[[@ref12]\] reported the prevalence of high myopia to be 2.6% and diabetic retinopathy to be 27.9%; the Blue mountain eye study, (Australia)\[[@ref13][@ref14]\] reported the prevalence of high myopia and diabetic retinopathy to be 3.0% and 32.40% respectively; the Eye Diseases Prevalence Research Group in the US,\[[@ref11]\] reported the prevalence of high myopia to be 6.0% and diabetic retinopathy to be 40.30%, as summarized in [Table 5](#T6){ref-type="table"}. The population which had a higher prevalence of high myopia also had a higher prevalence of diabetic retinopathy. This supports the observation that myopia does not seem to protect against diabetic retinopathy. Although there may be various other variables like the duration of diabetes, age, glycemic control etc which might have a role in developing diabetic retinopathy.

###### 

Comparison of prevalence of high myopia and prevalence of diabetic retinopathy between various other population-based studies and present study
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It is not possible to make close comparisons with other studies because of the different definitions used for myopia. The prevalence of myopia of −0.5 D or less in the current study was 19.9% for persons 40 years and older. This definition is comparable with most other studies like the Blue Mountains Eye Study (BMES)(15.4%)\[[@ref13]\] and Beijing study (21.8%).\[[@ref12]\] The USA study, however, reported a higher prevalence (41%).\[[@ref11]\] The racial difference, probably, played a vital role in the distribution of myopia over different groups. We found increasing age to be one of the factors associated with myopia in our study (trend *P* \< 0.016) unlike the Kinmen study,\[[@ref17]\] The difference observed could be due to the fact that Kinmen study was based on a self-reported group and our study was an epidemiological one.

PVD was noted in 50% of high myopia with trend for *P* = 0.001. This may be one of the reasons for our population to have a lower prevalence of DR (18%)\[[@ref2]\] compared to other reported studies like Beijing study (27.90%),\[[@ref15]\] BMES (32.4%)\[[@ref14]\] and USA (40.3%).\[[@ref16]\] Several studies have demonstrated the protective effect of complete PVD being associated with a reduced likelihood of progression to neovascularization and PDR.\[[@ref18]--[@ref20]\] This has been attributed to the removal of the vitreous scaffold for neovascular proliferation, as well as to improved oxygen diffusion across the liquefied vitreous.\[[@ref21][@ref22]\] We also found no PVD to be more associated with hypermetropia (40%) than high myopia (15.0%) stressing the protective nature of myopia for DR.

After adjusting all the factors, we found that increasing age was associated with mild and moderate myopia \[OR 1.11 (95% CI 1.05 -- 1.18), *P* = 0.001\]. This could be due to the biometric changes in the optical system of the lens. To prevent the confounding effect of nuclear sclerosis on the myopic status NO ≤ 2 were only included for this study. Women had a predilection for mild myopia, than emmetropia \[OR 0.93 (95% CI 0.59 -- 1.44), *P* = 0.018\], and high myopia \[OR 3.67 (95% CI 1.03 -- 13.5), (*P* = 0.036 after adjusting for all factors). There are conflicting reports about refractive error and gender. The National Health and Nutrition Examination Survey (NHANES),\[[@ref23]\] the Beaver Dam Eye Study,\[[@ref24]\] and a study of refractive error in a Finnish rural population\[[@ref25]\] showed higher prevalence rates of myopia among female subjects than in male subjects.

Subjects with longer axial lengths (\>23.5 mm) were more likely to develop mild myopia \[OR 2.29 95% CI (1.34 -- 3.95), *P* = 0.003\], moderate myopia \[OR 4.58 95% CI (1.32 -- 15.91), *P* = 0.017\] and high myopia \[OR 5.10 95% CI (1.17 -- 22.22), *P* = 0.030\]. A 1-mm elongation of axial length (AL) without other compensation is equivalent to a myopia shift of −2 or −2.5 dpt.\[[@ref26]\] Since most agree that AL is the largest determinant of refractive error,\[[@ref27]\] this factor was analyzed in the study.

We did not find refractive error, over differing ranges of myopia and increasing ranges of axial length, to be a risk factor for developing any form of DR. Our findings are similar to Wisconsion epidemiologic study of diabetic retinopathy (WESDR),\[[@ref4]\] which found no association between myopia and the presence of DR. To summarize, we found that high myopes had longer axial length and CPVD and had no association with DR. It would be interesting to see the effect of myopia on the progression DR in the Indian population.
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